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(54) PRODUCTION METHOD OF III NITRIDE COMPOUND SEMICONDUCTOR AND III NITRIDE 
COMPOUND SEMICONDUCTOR ELEMENT 



(57) The present invention provides a Group ill ni- 
tride compound semiconductor with suppressed gener- 
ation of threading dislocations. 

AGaN layer 31 is subjected to etching, so as to form 
an island-like structure having a shape of, for example, 
dot, stripe, or grid, thereby providing a trench/mesa 
structure, and a mask 4 is formed at the bottom of the 
trench such that the upper surface of the mask 4 is po- 



sitioned below the top surface of the GaN layer 31 . A 
GaN layer 32 is lateral-epitaxially grown with the top sur- 
face 31a of the mesa and sidewalls 31b of the trench 
serving as nuclei, to thereby bury the trench, and then 
epitaxial growth is effected in the vertical direction. In 
the upper region of the GaN layer 32 formed above the 
mask 4 through lateral epitaxial growth, propagation of 
threading dislocations contained in the GaN layer 31 
can be prevented. 
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Description 
Technical Field 

[0001] The present invention relates to a method for 5 
fabricating Group III nitride compound semiconductors. 
More particularly, the present invention relates to a 
method for fabricating Group III nitride compound sem- 
iconductors employing epitaxial lateral overgrowth 
(ELO). The Group III nitride compound semiconductors 10 
are generally represented by Af x Ga y ln 1 . x . y N (wherein 0 
<x<1,0<y<1, and 0<x + y<1), and examples 
thereof include binary semiconductors such as AIN, 
GaN, and InN; ternary semiconductors such as 
Al x Ga 1 . x N, A^ln^N, and Ga^n^N (wherein 0 < x < 1 ) ; 15 
and quaternary semiconductors such as Af x Ga y ln 1 . x .yN 
(wherein 0<x<1,0<y<1, and 0 < x + y < 1). In the 
present specification, unless otherwise specified, 
"Group III nitride compound semiconductors" encom- 
pass Group III nitride compound semiconductors which 20 
are doped with an impurity so as to assume p-type or n- 
type conductivity. 

Background Art 

25 

[0002] Group III nitride compound semiconductor are 
direct-transition semiconductors exhibiting a wide range 
of emission spectra from UV to red light when used in 
an element such as a light-emitting device, and have 
been used in light-emitting devices such as light-emit- so 
ting diodes (LEDs) and laser diodes (LDs). In addition, 
due to their broad band gaps, divices employing the 
aforementioned semiconductors are expected to exhibit 
reliable operational characteristics at high temperature 
as compared with those employing semiconductors of 35 
other types, and thus application thereof to transistors 
such as FETs has been energetically studied. Moreover, 
since Group HI nitride compound semiconductors con- 
tain no arsenic (As) as a predominant element, applica- 
tion of Group III nitride compound semiconductors to *o 
various semiconductor devices has been longed for 
from the environmental aspect. Generally, these Group 
III nitride compound semiconductors are formed on a 
sapphire substrate. 

45 

Disclosure of the Invention 

[0003] However, when a Group III nitride compound 
semiconductor is formed on a sapphire substrate, misfit- 
induced dislocations occur due to difference between 50 
the lattice constant of sapphire and that of the semicon- 
ductor, resulting in poor device characteristics. Misfit- 
induced dislocations are threading dislocations which 
penetrate semiconductor layers in a longitudinal direc- 
tion (i.e., in a direction vertical to the surface of the sub- 55 
strate), and Group III nitride compound semiconductors 
are accompanied by the problem that dislocations in 
amounts of approximately 10 9 cnr 2 propagate there- 



through. The aforementioned dislocations propagate 
through layers formed from Group III nitride compound 
semiconductors of different compositions, until they 
reach the uppermost layer. When such a semiconductor 
is incorporated in, for example, a light-emitting device, 
the device poses problems of unsatisfactory device 
characteristics in terms of threshold current of an LD, 
service life of an LED or LD, etc. On the other hand, 
when a Group Hi nitride compound semiconductor is in- 
corporated in any of other types of semiconductor de- 
vices, because electrons are scattered due to defects 
in the Group III nitride compound semiconductor, the 
semiconductor device comes to have low mobility. 
These problems are not solved even when another type 
of substrate is employed. 

[0004] The aforementioned dislocations will next be 
described with reference to a schematic representation 
shown in FIG. 23. FIG. 23 shows a substrate 91 , a buffer 
layer 92 formed thereon, and a Group III nitride com- 
pound semiconductor layer 93 further formed thereon. 
Conventionally, the substrate 91 is formed of sapphire 
or a similar substance and the buffer layer 92 is formed 
of aluminum nitride (AIN) or a similar substance. The 
buffer layer 92 formed of aluminum nitride (AIN) is pro- 
vided so as to relax misfit between the sapphire sub- 
strate 91 and the Group ill nitride compound semicon- 
ductor layer 93. However, generation of dislocations is 
not reduced to zero. Threading dislocations 901 propa- 
gate upward (in a vertical direction with respect to the 
substrate surface) from dislocation initiating points 900, 
penetrating the buffer layer 92 and the Group III nitride 
compound semiconductor layer 93. When a semicon- 
ductor element is fabricated by laminating various types 
of Group HI nitride compound semiconductors of interest 
on the Group III nitride compound semiconductor layer 
93, threading dislocations further propagate upward, 
through the semiconductor element, from dislocation ar- 
rival points 902 on the surface of the Group III nitride 
compound semiconductor layer 93. Thus, according to 
conventional techniques, problematic propagation of 
dislocations cannot be prevented during formation of 
Group III nitride compound semiconductor layers. 
[0005] In recent years, in order to prevent propagation 
of the threading dislocations, techniques employing lat- 
eral growth of crystal have been developed. According 
to the techniques, a mask partially provided with an ar- 
ray of slits, which is formed from a material such as sil- 
icon oxide or tungsten, is provided on a sapphire sub- 
strate or a Group III nitride compound semiconductor 
layer, and crystal growth is elicited to proceed laterally 
on the mask, with the slits serving as nuclei. 
[0006] Among similar techniques is a technique called 
pendeo-epitaxial lateral overgrowth (pendeo-ELO), in 
which laterally growing portions are formed such that 
they are suspended above the surface of the substrate. 
[0007] In ELO employing a mask, the upper surface 
of the mask is positioned above the portions of the sem- 
iconductor layer which are exposed through the slits so 
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as to serve as nuclei for crystal growth. Thus, crystal 
growth proceeds firstly upward from semiconductor of 
the slit portions serving as nuclei, and subsequently, 
turns around onto the upper surface of the mask, and 
progresses laterally thereon. As a result, considerable 
amounts of dislocations and considerable strain gener- 
ate at the mask edges, and threading dislocations gen- 
erated in these portions cause difficulties in reducing 
threading dislocations. 

[0008] The pendeo-ELO technique also involves a 
similar problem; since a mask is formed on the upper 
surface of a layer providing nuclei for crystal growth, 
when crystal growth proceeds around the edge portions 
onto the upper surface of the mask, problematic thread- 
ing dislocations generate at the mask edges. 
[0009] The present invention has been accomplished 
in an attempt to solve the aforementioned problems, and 
an object of the present invention is to fabricate a Group 
III nitride compound semiconductor with suppressed 
generation of threading dislocations. 
[0010] In order to solve the aforementioned problems, 
the invention drawn to a first feature provides a method 
for fabricating a Group III nitride compound semicon- 
ductor through epitaxial growth thereof on a substrate, 
which method comprises a step of etching an underlying 
layer comprising at least one layer of a Group III nitride 
compound semiconductor, the uppermost layer of the 
underlying layer being a first Group III nitride compound 
semiconductor layer, so as to form an is land -like struc- 
ture having a shape of, for example, dot, stripe, or grid, 
thereby providing a trench/mesa or a trench/post struc- 
ture, such that the area of a horizontal cross section of 
the mesa is reduced to zero in association with an in- 
crease in the distance between the cross section and 
the substrate; a step of forming a mask on the first Group 
III nitride compound semiconductor layer so as to ex- 
pose merely a top portion of the first Group HI nitride 
compound semiconductor layer; and a step of epitaxially 
growing, vertically and laterally, a second Group III ni- 
tride compound semiconductor layer around the top por- 
tion of the first Group III nitride compound semiconduc- 
tor layer, which is exposed through the mask and serves 
as a nucleus for crystal growth, i.e., seed. In the present 
specification, the term "underlying layer" is used to col- 
lectively encompass a Group III nitride compound sem- 
iconductor single layer and a multi-component layer 
containing at least one Group III nitride compound sem- 
iconductor layer. The expression "island-like structure" 
conceptually refers to the pattern of the upper portions 
of the mesas formed through etching, and does not nec- 
essarily refer to regions separated from one another. 
Thus, the upper portions of the mesas may be continu- 
ously connected to one another over a considerably 
wide area, and such a structure may be obtained by 
forming the entirety of a wafer into stripes or grids. The 
sidewall/sidewalls of the trench refers not only to a plane 
oblique to the substrate plane and the surface of a 
Group III nitride compound semiconductor, but also to 



a vertical plane or a curved plane. The trench may have 
a V-shaped cross section; i.e., the trench may have no 
bottom surface. As specifically described below, no par- 
ticular limitation is imposed on the shape of the mesa, 

5 so long as the area of a horizontal cross section of the 
mesa is increased in association with reduction in the 
distance between the cross section and the substrate. 
Unless otherwise specified, these definitions are equally 
applied to the below-appended features. 

w [0011] The invention drawn to a second feature pro- 
vides a method for fabricating a Group HI nitride com- 
pound semiconductor, wherein the island-like structure 
is formed of numerous laterally aligned triangular-prism- 
shaped mesas or posts, and the area of a horizontal 

15 cross section of each of the mesas is reduced to zero 
in association with an increase in the distance between 
the cross section and the substrate. Examples of such 
an island-like structure include, but are not limited to, a 
structure as shown in FIG. 3C. 

20 [0012] The invention drawn to a third feature provides 
a method for fabricating a Group HI nitride compound 
semiconductor, wherein the island-like structure is 
formed of numerous cone- or pyramid-shaped mesas or 
posts, and the area of a horizontal cross section of each 

25 of the mesas is reduced to zero in association with an 
increase in the distance between the cross section and 
the substrate. Examples of such an island-like structure 
include, but are not limited to, a structure formed of pyr- 
amids as shown in FIG. 3D. 

30 [0013] The invention drawn to a fourth feature pro- 
vides a method for fabricating a Group III nitride com- 
pound semiconductor, wherein the first Group ill nitride 
compound semiconductor layer and the second Group 
III nitride compound semiconductor layer have the same 

35 composition. As used herein, the term "same composi- 
tion" does not exclude differences in a doping level (dif- 
ferences of less than 1 mol%). 

[0014] The invention drawn to a fifth feature provides 
a method for fabricating a Group III nitride compound 

40 semiconductor, wherein the mask is formed of an elec- 
trically conductive metal such as tungsten (W). 
[001 5] The invention drawn to a sixth feature provides 
a Group III nitride compound semiconductor device, 
which is formed atop a Group III nitride compound sem- 

45 iconductor layer produced through a method for fabri- 
cating a Group III nitride compound semiconductor as 
recited in connection with any one of the first to fifth fea- 
tures. 

[0016] The invention drawn to a seventh feature pro- 
50 vides a Group III nitride compound semiconductor light- 
emitting device, which is produced by laminating a dif- 
ferent Group III nitride compound semiconductor layer 
atop a Group III nitride compound semiconductor layer 
produced through a method for fabricating a Group III 
55 nitride compound semiconductor as recited in connec- 
tion with any one of the first to fifth features. 
[0017] The invention drawn to an eighth feature pro- 
vides a method for fabricating a Group 111 nitride com- 
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pound semiconductor substrate, which comprises a 
method for fabricating a Group III nitride compound 
w semiconductor as recited in connection with any one of 

o the first to fifth features, and removing substantially en- 

tire portions including the substrate and the mask. 
[001 8] In order to solve the aforementioned problems, 
the invention drawn to a ninth feature provides a method 
for fabricating a Group III nitride compound semicon- 
\ ductor through epitaxial growth thereof on a substrate, 
which comprises a step of etching an underlying layer 
comprising at least one layer of a Group III nitride com- 
pound semiconductor, the uppermost layer of the under- 
lying layer being a first Group III nitride compound sem- 
iconductor layer, so as to form an island-like structure 
having a shape of, for example, dot , stripe, or grid, 
thereby providing a trench/mesa or a trench/post struc- 
ture, such that an intermediate layer constituting the un- 
derlying layer or the substrate is exposed through the 
bottom of the trench; a step of forming a mask at the 
bottom of the trench such that the upper surface of the 
mask is positioned below the upper surface of the up- 
permost layer of the underlying layer; and a step of epi- 
taxially growing, vertically and laterally, a second Group 
III nitride compound semiconductor layer around the up- 
per surface and sidewall of the mesa or post serving as 
a nucleus for crystal growth, i.e., seed, the mesa being 
formed through etching of the underlying layer so as to 
form an island-like structure having a shape of, for ex- 
ample, dot, stripe, or grid. 

[0019] In the present specification, the term "underly- 
ing layer" is used so as to collectively encompass a 
Group Hi nitride compound semiconductor single layer 
and a multi-component layer containing at least one 
Group III nitride compound semiconductor layer. The 
expression "island-like structure" conceptually refers to 
the pattern of the upper portions of the mesas formed 
through etching, and does not necessarily refer to re- 
gions separated from one another. Thus, the upper por- 
tions of the mesas may be continuously connected to 
one another over a considerably wide area, and such a 
structure may be obtained by forming the entirety of a 
wafer into stripes or grids. The sidewall/sidewalls of the 
trench refers not only to a plane vertical to the substrate 
plane and the surface of a Group til nitride compound 
semiconductor, but also to an oblique plane. The trench 
may have a V-shaped cross-section; i.e., the trench may 
have no bottom surface. Unless otherwise specified, 
these definitions are equally applied to the below-ap- 
pended claims. 

[0020] The invention drawn to a tenth feature provides 
a method for fabricating a Group III nitride compound 
semiconductor as recited in connection with the first fea- 
ture, wherein the mask is formed of a substance capable 
of impeding epitaxial growth of a Group III nitride com- 
pound semiconductor on the mask. 
[0021] The invention drawn to an eleventh feature 
provides a method for fabricating a Group III nitride com- 
pound semiconductor, wherein virtually all the sidewalls 



of the trench assume a {11-20} plane. 
[0022] The invention drawn to a twelfth feature pro- 
vides a method for fabricating a Group III nitride com- 
pound semiconductor, wherein the first Group III nitride 

5 compound semiconductor layer and the second Group 
III nitride compound semiconductor layer have the same 
composition. As used herein, the term "same composi- 
tion" does not exclude differences in doping level (dif- 
ferences of less than 1 mol%). 

10 [0023] The invention drawn to a thirteenth feature pro- 
vides a method for fabricating a Group III nitride com- 
pound semiconductor, wherein the mask is formed of an 
electrically conductive film, such as a silicon oxide film, 
a silicon nitride film, a tungsten film, or a titanium nitride 

is film. 

[0024] The invention drawn to a fourteenth feature 
provides a Group III nitride compound semiconductor 
element, which is formed atop a lateral-epitaxially grown 
portion of a Group III nitride compound semiconductor 

20 layer produced through a method for fabricating a Group 
III nitride compound semiconductor as recited in con- 
nection with any one of the ninth to thirteenth features. 
[0025] The invention drawn to a fifteenth feature pro- 
vides a Group III nitride compound semiconductor light- 

25 emitting element, which is produced by laminating a dif- 
ferent Group III nitride compound semiconductor layer 
atop a lateral-epitaxially grown portion of a Group III ni- 
tride compound semiconductor layer produced through 
a method for fabricating a Group III nitride compound 

30 semiconductor as recited in connection with any one of 
the ninth to thirteenth features. 

[0026] The invention drawn to a sixteenth feature pro- 
vides a method for fabricating a Group III nitride com- 
pound semiconductor substrate, which comprises a 

35 method for fabricating a Group III nitride compound 
semiconductor as recited in connection with any one of 
the ninth to thirteenth features, and removing substan- 
tially entire portions except for an upper layer formed on 
a portion provided through lateral epitaxial growth. 

40 [0027] The invention drawn to a seventeenth feature 
provides a Group III nitride compound semiconductor 
substrate produced through a method as recited in con- 
nection with the sixteenth feature. 
[0028] The outline of an example of the method for 

45 fabricating a Group III nitride compound semiconductor 
of the present invention will next be described with ref- 
erence to FIGs. 1 and 2. Although FIGs. 1 and 2 illustrate 
layers accompanied by a substrate 1001 and a buffer 
layer 1002 so as to facilitate understanding of the de- 

50 scription, the substrate 1001 and the buffer layer 1002 
are not essential elements of the present invention, in 
view that the present invention is to produce, by employ- 
ment of a Group III nitride compound semiconductor 
having threading dislocations in the vertical direction, a 

55 Group III nitride compound semiconductor layer includ- 
ing a region in which threading dislocations in the verti- 
cal direction are reduced. The gist of the operation and 
effects of the present invention will next be described 
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with reference to an embodiment in which a first Group 
III nitride compound semiconductor layer 1031 having 
threading dislocations iii the vertical direction (direction 
vertical to the substrate surface) is provided on the sub- 
strate 1001 via the buffer layer 1002. 
[0029] As shown in FIG. 1A, the first Group ill nitride 
compound semiconductor layer 1031 is subjected to 
etching, so as to form an island-like structure having a 
shape of, for example, dot, stripe, or grid, thereby pro- 
viding trenches, such that the area of a horizontal cross 
section of each of the mesas is reduced to zero in as- 
sociation with an increase in the distance between the 
cross section and the substrate 1. Subsequently, an 
etchable mask 1004 is formed on the first Group III ni- 
tride compound semiconductor layer 1031 (FIG. 1B). 
Subsequently, merely portions of the mask 1004 that 
cover tops T of the first Group III nitride compound sem- 
iconductor layer 1 031 are subjected to selective etching, 
to thereby expose the tops T of the first Group III nitride 
compound semiconductor layer 1031 (FIG. 1C). Subse- 
quently, a second Group III nitride compound semicon- 
ductor layer 1032 is epitaxially grown, vertically and lat- 
erally, around the thus-exposed tops T of the first Group 
III nitride compound semiconductor layer 1031 serving 
as nuclei for crystal growth, i.e., seeds (FIGs. 2D and 
2E). In this case, merely threading dislocations which 
propagate to the exposed tops T of the first Group ill 
nitride compound semiconductor layer 1031 propagate 
through the second Group III nitride compound semi- 
conductor layer 1032. Therefore, the threading disloca- 
tion density of the semiconductor layer 1032 can be re- 
duced. When an initial epitaxial growth plane is oblique 
to the substrate as shown in FIG. 2D, the propagation 
direction of threading dislocations is not perpendicular 
to the substrate. Therefore, propagation of threading 
dislocations to an upper portion of the second Group Ml 
nitride compound semiconductor layer 1032 can be sub- 
stantially prevented. 

[0030] Through taper etching, there can be readily 
formed an island-like structure formed of numerous lat- 
erally aligned triangular-prism-shaped mesas as shown 
in FIG. 3C, in which the area of a horizontal cross section 
of each of the mesas is reduced to zero in association 
with an increase in the distance between the cross sec- 
tion and the substrate (claim 2). When an island-like 
structure is formed of numerous pyramid-shaped mesas 
as shown in FIG. 3D, in which the area of a horizontal 
cross section of each of the mesas is reduced to zero 
in association with an increase in the distance between 
the cross section and the substrate, the area of the ex- 
posed tops T of the first Group III nitride compound sem- 
iconductor layer 1031 becomes considerably smaller 
than that of the substrate surface (claim 3). 
[0031] When the first Group III nitride compound sem- 
iconductor layer and the second Group III nitride com- 
pound semiconductor layer have the same composition, 
rapid epitaxial growth can be readily attained (claim 4). 
[0032] In the case where the mask is formed of an 



electrically conductive metal, and the first Group III ni- 
tride compound semiconductor layer and the second 
Group III nitride compound semiconductor layer exhibit 
electrical conductivity, current can be conducted from 
5 the first Group Hi nitride compound semiconductor layer 
through the electrically conductive mask to the second 
Group III nitride compound semiconductor layer (claim 
5). 

[0033] By forming an element atop the Group III ni- 
fo tride compound semiconductor layer formed through 
the above process, there can be provided a semicon- 
ductor element having a layer containing few defects 
and endowed with high mobility (claim 6). By forming a 
light-emitting element atop the Group III nitride com- 
15 pound semiconductor layer formed through the above 
process, there can be provided a light-emitting element 
endowed with improved service life and improved LD 
threshold value (claim 7). 

[0034] By selectively separating, from the other lay- 

20 ers, the Group III nitride compound semiconductor layer 
1032 that is provided through lateral epitaxial growth 
through the above process, there can be produced a 
high-crystallinity Group III nitride compound semicon- 
ductor in which crystal defects such as dislocations are 

25 remarkably suppressed (claim 8). In this connection, for 
the sake of convenience in manufacture, the expression 
"removing substantially entire portions" does not ex- 
clude the case in which a portion containing threading 
dislocations is present to some extent. 

30 [0035] The outline of an example of the method for 
fabricating a Group III nitride compound semiconductor 
of the present invention will next be described with ref- 
erence to FIG. 12. Although FIG. 12 illustrates layers 
accompanied by a substrate 1 and a buffer layer 2 so 

35 as to facilitate description and understanding of the de- 
pendent clams, the buffer layer 2 is not an essential el- 
ement of the present invention, in view that the present 
invention is to produce, by employment of a Group III 
nitride compound semiconductor having threading dis- 

40 locations in the vertical direction, a Group III nitride com- 
pound semiconductor layer including a region in which 
threading dislocations in the vertical direction are re- 
duced. The gist of the operation and effects of the 
present invention will next be described with reference 

45 to an embodiment, in which a first Group III nitride com- 
pound semiconductor layer 31 having threading dislo- 
cations in the vertical direction (direction vertical to the 
substrate surface) is provided on the surface of the sub- 
strate 1 via the buffer layer 2. 

so [0036] As shown in FIG. 12A, the first Group III nitride 
compound semiconductor layer 31 is subjected to etch- 
ing, so as to form an island-like structure having a shape 
of, for example, dot, stripe, or grid, thereby providing 
trenches/mesas, such that the surface of the substrate 

55 1 is exposed through the bottoms of the trenches. Sub- 
sequently, masks 4 are formed on the exposed surface 
of the substrate 1 , such that upper surfaces 4a of the 
masks 4 are positioned below upper surfaces 31a of the 
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first Group III nitride compound semiconductor layer 31 . 
In the above manner, a second Group III nitride com- 
pound layer 32 is epitaxially grown, vertically and later- 
ally, with the upper surfaces 31 a of the mesas and side- 
walls 31b of the trenches serving as nuclei for crystal 
growth, i.e., seeds, to thereby bury the trenches or pro- 
vide cavities on the upper surfaces 4a of the masks 4, 
while epitaxial growth is effected in the vertical direction. 
In this case, propagation of threading dislocations con- 
tained in the first Group III nitride compound semicon- 
ductor layer 31 can be prevented in the upper portion of 
the second Group III nitride compound semiconductor 
layer 32 that is formed through lateral epitaxial growth, 
and a region in which threading dislocations are reduced 
is provided in the thus-buried or bridged trenches (claim 
9). Thus, lateral epitaxial growth is immediately attained, 
with the sidewalls of the trenches serving as nuclei. Spe- 
cifically, in conventional ELO employing a mask, the 
height of the mask portion is greater than that of the 
growth nucleus portion by an amount corresponding to 
the thickness of the mask, and crystal growth proceeds 
in the vertical direction for a length corresponding to the 
mask thickness, and then turns around onto the top sur- 
face of the mask, to thereby initiate lateral growth. As a 
result, growing crystals are strained at the edge of the 
mask where the growth direction is changed, to thereby 
induce dislocations. In the present invention, the second 
Group III nitride compound semiconductor layer 32 is 
laterally grown immediately on the mask, in a manner 
other than that in which growth direction is changed 
along the mask, to thereby remove strain from the crys- 
tals, and suppress generation of dislocations. Because 
growth direction is not changed along the mask 4, con- 
ceivably, the mask 4 is not bonded to the second Group 
III nitride compound semiconductor layer 32, or bonding 
between the mask 4 and the layer 32 is weak. Therefore, 
strain induced from the mask 4 in the second Group III 
nitride compound semiconductor layer 32 can be sup- 
pressed. Alternatively, growth may be performed such 
that a cavity is provided between the mask and the sec- 
ond Group Hi nitride compound semiconductor layer 32. 
When growth is performed while a cavity is provided, 
strain induced from the mask can be completely sup- 
pressed, to thereby form crystals of more excellent qual- 
ity. In conventional ELO in which the direction of growth 
is changed along the mask, layers grown from the both 
surfaces serving as nuclei coalesce at a center site. In 
this case, crystal axes of two layers are known to be 
slightly tilted from each other. Generation of such tilting 
can be prevented by providing a cavity between the 
mask 4 and the second Group III nitride compound sem- 
iconductor layer 32. Thus, there can be provided a lat- 
eral growth layer of quality higher than that obtained in 
a conventional method. 

[0037] Threading dislocations are not propagated in 
the vertical direction in a portion formed through lateral 
growth. If epitaxial growth yields no substantial discon- 
tinuity in the interface between the Group III nitride com- 



10 

pound semiconductor layer 31 or the buffer layer 2 and 
the second Group III nitride compound semiconductor 
layer 32, when the mask is formed of an electrically con- 
ductive substance such as tungsten, no electrical resist- 

5 ance attributed to a discontinuous portion is generated 
with respect to current flow in the vertical direction (di- 
rection normal to the surface of the substrate 1 ), as com- 
pared with a similar structure having a mask formed of 
an insulator or the like. Furthermore, a stable structure 

10 can be produced. 

[0038] When the second Group III nitride compound 
semiconductor 32 for burying or bridging the trench is 
not epitaxially grown from the substrate 1; i.e., the bot- 
tom portion of the trench, in the vertical direction or the 

15 rate of such epitaxial growth is very low, there occurs 
much more rapid coalescence of lateral epitaxial growth 
fronts starting from the sidewalls of the trench facing 
each other. In the upper portion of the thus-buried or 
bridged Group III nitride compound semiconductor layer 

20 32, no threading dislocations are propagated from the 
layer provided beneath the layer 32. The sidewall of the 
trench is not necessarily perpendicular to the substrate. 
When the sidewall is perpendicular to the substrate, the 
threading dislocation density of the sidewall is very low. 

25 Therefore, when the second Group III nitride compound 
semiconductor layer 32 is laterally grown from the side- 
wall having a very low threading dislocation density, the 
threading dislocation density of the resultant laterally 
grown region is considerably reduced. As a result, a 

30 crystal region of remarkably high quality can be provid- 
ed. As shown in FIG. 12C, when lateral growth further 
proceeds through coalescence of lateral epitaxial 
growth fronts starting from the sidewalls of the trench 
facing each other, the second Group Hi nitride com- 

35 pound semiconductor grown above the substrate at- 
tains a uniform, large thickness. The substrate is not 
necessarily exposed through the bottom of the trench; 
the upper surface of the buffer layer 2 may be exposed 
through the bottom of the trench. Alternatively, etching 

40 of the first Group Ml nitride compound semiconductor 
layer 31 may be stopped when the depth of the trench 
reaches a certain level, to thereby expose the surface 
of an intermediate layer constituting the layer 31. Fur- 
thermore, the surface of an arbitrary layer among a plu- 

45 rality of layers constituting the underlying layer compris- 
ing at least the first Group III nitride compound semicon- 
ductor layer 31 may be exposed through the bottom of 
the trench. 

[0039] The mask may be formed of a multi-layer film 
so formed from a polycrystalline semiconductor such as 
polycrystalline silicon or a polycrystalline nitride semi- 
conductor; an oxide or a nitride, such as silicon oxide 
(SiO x ), silicon nitride (SiN x ), titanium oxide (TiO x ), or zir- 
conium oxide (ZrO x ) ; or a metal of high melting point, 
55 such as titanium (Ti) or tungsten (W). Preferably, the 
mask is formed of a substance capable of impeding ver- 
tical growth of the second Group III nitride compound 
semiconductor layer 32 on the mask (claims 1 0 and 1 3). 
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[0040] The aforementioned rapid lateral epitaxial 
growth can be readily attained when the sidewal! of the 
trench of the Group III nitride compound semiconductor 
layer 31 assumes a {11-20} plane (claim 11). During lat- 
eral epitaxial growth, at least an upper portion of the 5 
growth front may remain a {11-20} plane. When the first 
Group Mi nitride compound semiconductor layer and the 
second Group Ml nitride compound semiconductor layer 
have the same composition, rapid lateral epitaxial 
growth can be readily attained (claim 12). 
[0041] Through the procedure described above, 
threading dislocations propagated from the first Group 
III nitride compound semiconductor layer 31 can be pre- 
vented, to thereby provide the second Group III nitride 
compound semiconductor layer 32 of stable structure. 
Although FIG. 12 illustrates a sidewall of the trench ver- 
tical to the substrate plane, the present invention is not 
limited thereto, and the sidewall may be an oblique 
plane. The trench may have a V-shaped cross-section. 
A mask may be formed on the trench. These features 
are equally applied to the descriptions below. 
[0042] By forming an element atop a lateral-epitaxially 
grown portion of the Group III nitride compound semi- 
conductor layer produced through the above process, a 
semiconductor element having a layer containing few 
defects and endowed with high mobility can be provided 
(claim 14). 

[0043] By forming a light-emitting element atop a lat- 
eral-epitaxially grown portion of the Group III nitride 
compound semiconductor layer produced through the 
above process, a light-emitting element endowed with 
improved service life and an improved LD threshold val- 
ue can be provided (claim 15). 

[0044] By selectively separating, from the other lay- 
ers, an upper layer formed on a portion provided through 
lateral epitaxial growth in the Group III nitride compound 
semiconductor layer obtained through the above proc- 
ess, there can be produced a high-crystallinity Group III 
nitride compound semiconductor in which crystal de- 
fects such as dislocations are remarkably suppressed 
(claims 16 and 17). In addition, a high-crystallinity Group 
III nitride compound semiconductor substrate can be 
produced. In this connection, for the sake of conven- 
ience in manufacture, the expression "removing sub- 
stantially entire portions" does not exclude the case in 
which a portion containing threading dislocations is 
present to some extent. 

[0045] While laterally grown regions of the above- 
formed second Group III nitride compound semiconduc- 
tor layer are caused to remain, regions having been 
served as nuclei for crystal growth may be etched, to 
thereby expose the substrate or to expose the surface 
of an intermediate layer constituting the underlying lay- 
er. And the aforementioned lateral crystal growth may 
be repeated. That is, a mask is formed on the exposed 
surface such that the mask is positioned below a layer 
serving as a nuclei for crystal growth, and second lateral 
growth may be performed above the mask. In this case, 



since crystals serving as nuclei for crystal growth during 
the second lateral growth are formed by lateral growth, 
the threading dislocation density of the crystals is very 
low. Therefore, a layer which is laterally grown with the 
crystals serving as nuclei has a low threading disloca- 
tion density. Thus, a Group III nitride compound semi- 
conductor can be uniformly and laterally grown above 
the substrate. No particular limitation is imposed on the 
repetition time of such lateral growth. 
[0046] The aforementioned Group III nitride com- 
pound semiconductor layer having a region in which 
threading dislocations are reduced may be separated 
from the substrate 1 , the buffer layer 2, and the mesa 
formed through etching in which threading dislocations 
are not reduced, to thereby form a Group III nitride com- 
pound semiconductor substrate. A Group 1 1 1 nitride com- 
pound semiconductor element may be formed on the 
resultant semiconductor substrate. The substrate may 
be employed for forming a larger Group III nitride com- 
pound semiconductor crystal. Removal of the substrate 
1, the buffer layer 2, and the mesa may be carried out 
through any technique, such as mechanochemical pol- 
ishing. 
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25 Brief Description of the Drawings 
[0047] 

FIG. 1 is a series of cross-sectional views showing 
30 the first half of the steps of fabricating a Group III 
nitride compound semiconductor according to a first 
embodiment of the present invention. 
FIG. 2 is a series of cross-sectional views showing 
the second half of the steps of fabricating a Group 
35 Ml nitride compound semiconductor according to 
the first embodiment of the present invention. 
FIGs. 3A and 3B are cross-sectional views showing 
examples of etched Group III nitride compound 
semiconductor layers; and FIGs. 3C and 3D are 
40 perspective views showing examples of etched 
Group III nitride compound semiconductor layers. 
FIG. 4 is a series of cross-sectional views showing 
the first half of the steps of fabricating a Group III 
nitride compound semiconductor according to a 
45 second embodiment of the present invention. 

FIG. 5 is a series of cross-sectional views showing 
the second half of the steps of fabricating a Group 
III nitride compound semiconductor according to 
the second embodiment of the present invention. 
50 FIG. 6 is a cross-sectional view showing the struc- 
ture of a Group III nitride compound semiconductor 
light-emitting element according to a fourth embod- 
iment of the present invention. 
FIG. 7 is a cross-sectional view showing the struc- 
55 ture of a Group III nitride compound semiconductor 
light-emitting element according to a fifth embodi- 
ment of the present invention. 
FIG. 8 is a series of cross-sectional views showing 
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the first half of the steps of fabricating a Group III 
nitride compound semiconductor light-emitting ele- 
ment according to a sixth embodiment of the 
present invention. 

FIG. 9 is a series of cross-sectional views showing 5 
the second half of the steps of fabricating a Group 
III nitride compound semiconductor light-emitting 
element according to the sixth embodiment of the 
present invention. 

FIG. 10 is a cross-sectional view showing the struc- w 
ture of a Group III nitride compound semiconductor 
light-emitting element according to the sixth embod- 
iment of the present invention. 
FIG. 11 is a cross-sectional view showing the struc- 
ture of a Group III nitride compound semiconductor *5 
light-emitting element according to a seventh em- 
bodiment of the present invention. 
FIG. 12 is a series of cross-sectional views showing 
the steps of fabricating a Group III nitride compound 
semiconductor according to an eighth embodiment 20 
of the present invention. 

FIG. 13 is a series of cross-sectional views showing 
the steps of fabricating a Group II! nitride compound 
semiconductor according to a ninth embodiment of 
the present invention. 25 
FIG. 14 is a series of cross-sectional views showing 
the steps of fabricating a Group III nitride compound 
semiconductor according to a tenth embodiment of 
the present invention. 

FIG. 15 is a series of cross-sectional views showing 30 
the steps of fabricating a Group III nitride compound 
semiconductor according to an eleventh embodi- 
ment of the present invention. 
FIG. 16 is a cross-sectional view showing the struc- 
ture of a Group III nitride compound semiconductor 35 
light-emitting element according to a twelfth embod- 
iment of the present invention. 
FIG. 17 is a cross-sectional view showing the struc- 
ture of a Group III nitride compound semiconductor 
light-emitting element according to a thirteenth em- *o 
bodiment of the present invention. 
FIG. 18 is a series of cross-sectional views partially 
showing the steps of fabricating a Group III nitride 
compound semiconductor light-emitting element 
according to a fourteenth embodiment of the 45 
present invention. 

FIG. 19 is a cross-sectional view showing the struc- 
ture of a Group III nitride compound semiconductor 
light-emitting element according to the fourteenth 
embodiment of the present invention. 50 
FIG. 20 is a cross-sectional view showing the struc- 
ture of a Group III nitride compound semiconductor 
light-emitting element according to a fifteenth em- 
bodiment of the present invention. 
FIG. 21 is a schematic representation showing an- 55 
other example of etching of a first Group III nitride 
compound semiconductor. 

FIG. 22 is a schematic representation showing yet 



another example of etching of a first Group 1 1 1 nitride 
compound semiconductor. 

FIG. 23 is a cross-sectional view showing threading 
dislocations propagating in a Group III nitride com- 
pound semiconductor. 

Best Mode for Carrying Out the Invention 

First Preferred Mode for Carrying Out the Invention 

[0048] FIGs. 1 and 2 schematically show a mode for 
carrying out a method for fabricating a Group Ml nitride 
compound semiconductor of the present invention. A 
substrate 1001, a buffer layer 1002, and a first Group III 
nitride compound semiconductor layer 1031 are formed, 
and the layer 1031 is subjected to etching, to thereby 
form tapered mesas (FIG, 1A). The angle of tops T is 
preferably small. Subsequently, an etchable mask 1004 
is formed on the first Group III nitride compound semi- 
conductor layer 1031 through, for example, sputtering 
(FIG. 1B). Subsequently, merely portions of the mask 
1004 that cover the tops T of the first Group III nitride 
compound semiconductor layer 1031 are subjected to 
selective etching, to thereby expose the tops T of the 
first Group III nitride compound semiconductor layer 
1031 (FIG. 1C). In order to expose the tops T, portions 
of the mask 1 004 that cover the tops T may be removed 
by means of a lift-off method as a method other than 
selective etching of the mask 1004. Alternatively, the 
mask 1004* may be formed so as not to cover the tops 
T, through deposition employing a mask. Subsequently, 
a second Group III nitride compound semiconductor lay- 
er 1032 is epitaxially grown, vertically and laterally, 
around the thus-exposed tops T of the first Group III ni- 
tride compound semiconductor layer 1031 serving as 
nuclei (FIGs. 2D and 2E). In this case, merely threading 
dislocations which propagate to the'exposed tops T of 
the first Group III nitride compound semiconductor layer 

1031 propagate through the second Group III nitride 
compound semiconductor layer 1032. In other words, 
threading dislocations which propagate through the sec- 
ond Group III nitride compound semiconductor layer 

1 032 are merely threading dislocations which propagate 
to the exposed tops T of the first Group ill nitride com- 
pound semiconductor layer 1 031 . Therefore, the thread- 
ing dislocation density of the second Group III nitride 
compound semiconductor layer 1032 becomes very 
low. The threading dislocation density is determined by 
the ratio between the area of the substrate surface and 
the area of the top T of the first Group III nitride com- 
pound semiconductor layer 1031 (i.e., the area of a pro- 
jection profile of the top T as viewed in a direction per- 
pendicular to the substrate). The smaller the area of the 
top T (the area of a projection profile of the top T as 
viewed in a direction perpendicular to the substrate), the 
smaller the number of threading dislocations which 
propagate through the second Group til nitride com- 
pound semiconductor layer 1 032. When the angle of the 
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top T is small, the area of the top T (the area of a pro- 
jection profile of the top T as viewed in a direction per- 
pendicular to the substrate) can be readily reduced. 
[0049] An underlying layer may be a layer including a 
plurality of units, each having a buffer layer formed on 
a substrate and a Group III nitride compound semicon- 
ductor layer grown epitaxially on the buffer layer. Por- 
tions of the Group III nitride compound semiconductor 
layer 1032 that are formed around the tops T (i.e., nu- 
clei) through epitaxial growth become regions in which 
threading dislocations of vertical propagation are sup- 
pressed. 

Second Preferred Mode for Carrying Out the Invention 

[0050] FIG. 12 schematically shows a mode for car- 
rying out a method for fabricating a Group III nitride com- 
pound semiconductor of the present invention. FIG. 12 
shows an example in which a substrate 1 is exposed. A 
buffer layer 2 and a first Group III nitride compound sem- 
iconductor layer 31 are successively formed on the sub- 
strate 1, and the layers 2 and 31 are subjected to etch- 
ing, to thereby form trenches (FIG. 12A). As a result of 
etching, mesas or posts and trenches are formed; the 
unetched surface providing the tops of the mesas or 
posts; and sidewalls and bottom portions (bottom sur- 
faces) of the trenches are formed. The sidewalls are, for 
example, {11-20} planes. Subsequently, masks 4 are 
formed merely at the bottom portions of the trenches 
such that the upper surfaces of the masks 4 are posi- 
tioned below the tops 31a of the mesas or posts. The 
masks 4 are formed through the following procedure: a 
mask is formed through, for example, sputtering, so as 
to uniformly cover the entire surfaces of the mesas or 
posts and trenches, and then unwanted portions of the 
mask are removed through photolithography. Alterna- 
tively, the masks 4 may be formed through a lift-off meth- 
od in which a resist is applied to the tops 31a and the 
sidewalls of the mesas, and a mask is formed so as to 
uniformly cover the entire surfaces of the mesas and 
trenches, followed by removal of the resist. 
[0051] Subsequently, under conditions of lateral epi- 
taxial growth, a second Group III nitride compound sem- 
iconductor layer 32 is epitaxially grown while the side- 
walls of the trenches and the top surfaces of the mesas 
or posts serve as nuclei for crystal growth. A metal-or- 
ganic growth process enables easy lateral epitaxial 
growth while the growth fronts remain the {11-20} 
planes. Portions of the second Group III nitride com- 
pound semiconductor layer 32 which are laterally grown 
from the sidewalls of the trenches are free from propa- 
gation of threading dislocations from the mask 4 (FIG. 
12B). The form of etching and lateral epitaxial growth 
conditions are determined such that the fronts of lateral 
growth extending from the opposite sidewalls of the 
trenches coalesce above the bottoms of the etched 
trenches, whereby threading dislocations are sup- 
pressed in the regions of the second Group III nitride 



compound semiconductor layer 32 formed above the 
bottoms of the etched trenches (FIG. 12C). In the lateral 
growth step of FIG. 12B, through optimization of growth 
temperature, pressure, and the IMA/ ratio of material to 
5 be supplied, lateral growth can become much faster 
than vertical growth. 

[0052] As shown in FIG. 13, there may be employed, 
as a nucleus for lateral crystal growth, an underlying lay- 
er including a plurality of units, each having a buffer layer 

10 formed on a substrate, and a Group III nitride compound 
semiconductor layer grown epitaxially on the buffer lay- 
er. FIG. 1 3 shows an example in which a buffer layer 21 , 
a Group III nitride compound semiconductor layer 22, a 
buffer layer 23, and a Group III nitride compound sem- 

15 iconductor layer 31 are sequentially formed, and the 
Group III nitride compound semiconductor layer 31 is 
etched such that the buffer layer 23 is exposed at the 
bottoms of the trenches. In this case, masks 4 are 
formed on the buffer layer 23 such that the upper sur- 

20 faces of the masks 4 are positioned below the top sur- 
faces 31a of the unetched mesas of the first Group III 
nitride compound semiconductor layer 31 . Furthermore, 
a fabrication method may be such that, in a step corre- 
sponding to the step of FIG. 13A, etching is performed 

25 deeper than the thickness of the Group III nitride com- 
pound semiconductor layer 31 so that the buffer layer 
21 is exposed at the bottoms of the trenches, and the 
masks 4 are formed on the buffer layer 21 such that the 
upper surfaces of the masks 4 are positioned below the 

30 top surfaces of the first Group III nitride compound sem- 
iconductor layer 31. (FIG. 14). In either case, portions 
of the Group III nitride compound semiconductor layer 
32 formed above the bottoms of the trenches are formed 
primarily through lateral epitaxial growth while the 

35 Group HI nitride compound semiconductor layer 31, 
which is the top layer of the mesas, serves as nuclei, 
thereby becoming regions in which threading disloca- 
tions of vertical propagation are suppressed. Other ef- 
fects are similar to those described previously in relation 

40 to the case of FIG. 12. 

[0053] The aforementioned modes for carrying out 
the invention may employ any of the following processes 
in arbitrary combinations. 

[0054] When Group III nitride compound semiconduc- 
45 tor layers are successively formed on a substrate, the 
substrate may be formed of an inorganic crystal com- 
pound such as sapphire, silicon (Si), silicon carbide 
(SiC), spinel (MgAI 2 0 4 ), ZnO, or MgO; a Group lll-V 
compound semiconductor such as gallium phosphide or 
50 gallium arsenide; or a Group III nitride compound sem- 
iconductor such as gallium nitride (GaN). 
[0055] A preferred process for forming a Group III ni- 
tride compound semiconductor layer is metal-organic 
chemical vapor deposition (MOCVD) or metal-organic 
55 vapor phase epitaxy (MOVPE). However, molecular 
beam epitaxy (MBE), halide vapor phase epitaxy (halide 
VPE), liquid phase epitaxy (LPE), or the like may be 
used. Also, individual layers may be formed by different 
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growth processes. 

[0056] When a Group III nitride compound semicon- 
ductor layer is to be formed on, for example, a sapphire 
substrate, in order to impart good crystallinity to the lay- 
er, a buffer layer is preferably formed for the purpose of 
compensating lattice mismatch with the sapphire sub- 
strate. When a substrate of another material is to be 
used, employment of a buffer layer is also preferred. A 
buffer layer is preferably of a Group III nitride compound 
semiconductor Al x Gayln 1 . x . y N formed at low tempera- 
ture (0<x<1,0<y<1,0<x + y<1), more preferably 
of A^Ga^N (0<x< 1). This buffer layer may be a single 
layer or a multi-component layer comprising layers of 
different compositions. A buffer layer may be formed at 
a low temperature of 380 to 420°C or by MOCVD at a 
temperature of 1,000 to 1,180°C. Alternatively, an AIN 
buffer layer can be formed by a reactive sputtering proc- 
ess using a DC magnetron sputtering apparatus and, as 
materials, high-purity aluminum and nitrogen gas. Sim- 
ilarly, a buffer layer represented by the formula 
A^Gayln^.yN (0<x<1,0<y<t,0<x + y<1, arbitrary 
composition) can be formed. Furthermore, vapor depo- 
sition, ion plating, laser abrasion, or ECR can be em- 
ployed. When a buffer layer is to be formed by physical 
vapor deposition, physical vapor deposition is per- 
formed preferably at 200 to 600°C, more preferably 300 
to 500°C, most preferably 350 to 450°C. When physical 
vapor deposition, such as sputtering, is employed, the 
thickness of a buffer layer is preferably 100 to 3,000 A, 
more preferably 100 to 400 A, most preferably 100 to 
300 A. A multi-component layer may contain, for exam- 
ple, alternating Al x Ga 1 . x N (0 < x <1) layers and GaN lay- 
ers. Alternatively, a multi-component layer may contain 
alternating layers of the same composition formed at a 
temperature of not higher than 600°C and at a temper- 
ature of not lower than 1,000°C. Of course, these ar- 
rangements may be combined. Also, a multi-component 
layer may contain three or more different types of Group 
III nitride compound semiconductors A^Gayln^.yN (0 
<x<1,0<y<1,0<x + y<1). Generally, a buffer layer 
is amorphous and an intermediate layer is monocrystal- 
line. Repetitions of unit of a buffer layer and an interme- 
diate layer may be formed, and the number of repetitions 
is not particularly limited. The greater the number of rep- 
etitions, the greater the improvement in crystallinity. 
[0057] The present invention is substantially applica- 
ble even when the composition of a buffer layer and that 
of a Group III nitride compound semiconductor formed 
on the buffer layer are such that a portion of Group HI 
elements are replaced with boron (B) or thallium (Tl) or 
a portion of nitrogen (N) atoms are replaced with phos- 
phorus (P), arsenic (As), antimony (Sb), or bismuth (Bi). 
Also, the buffer layer and the Group III nitride compound 
semiconductor may be doped with any one of these el- 
ements to such an extent as not to appear in the com- 
position thereof. For example, a Group III nitride com- 
pound semiconductor which is represented by 
A^Ga^ X N (0 < x < 1 ) and which does not contain indium 



(In) and arsenic (As) may be doped with indium (In), 
which is larger in atomic radius than aluminum (Al) and 
gallium (Ga), or arsenic (As), which is larger in atomic 
radius than nitrogen (N), to thereby improve crystallinity 
5 through compensation, by means of compression 
strain, for crystalline expansion strain induced by drop- 
ping off of nitrogen atoms. In this case, since acceptor 
impurities easily occupy the positions of Group III atoms, 
p-type crystals can be obtained as grown. Through the 
thus-attained improvement of crystallinity combined 
with the features of the present invention, threading dis- 
location can be further reduced to approximately 1/100 
to 1/1 ,000. In the case of an underlying layer containing 
two or more repetitions of a buffer layer and a Group III 
nitride compound semiconductor layer, the Group III ni- 
tride compound semiconductor layers are further pref- 
erably doped with an element greater in atomic radius 
than a predominant component element. In the case 
where a light-emitting element is a target product, use 
of a binary or ternary Group III nitride compound semi- 
conductor is preferred. 

[0058] When an n-type Group III nitride compound 
semiconductor layer is to be formed, a Group IV or 
Group VI element, such as Si, Ge, Se, Te, or C, can be 
added as an n-type impurity. A Group II or Group IV el- 
ement, such as Zn, Mg, Be, Ca, Sr, or Ba, can be added 
as a p-type impurity. The same layer may be doped with 
a plurality of n-type or p-type impurities or doped with 
both n-type and p-type impurities. 
[0059] Lateral epitaxial growth preferably progresses 
such that the front of lateral epitaxial growth is perpen- 
dicular to a substrate. However, lateral epitaxial growth 
may progress while slant facets with respect to the sub- 
strate are maintained. In this case, trenches may have 
a V-shaped cross section. When the front of lateral epi- 
taxial growth is perpendicular to the substrate, the 
threading dislocation density of the front becomes very 
low, and thus crystallinity of a laterally grown region is 
enhanced. Meanwhile, when slant facets with respect 
to the substrate are maintained, the propagation direc- 
tion of threading dislocations is changed and threading 
dislocations are generated in the laterally grown region. 
However, when a thick layer is formed on the laterally 
grown regions, threading dislocations do not propagate 
through the layer in the vertical direction. Therefore, the 
threading dislocation density of the thick layer formed 
on the laterally grown regions becomes low. 
[0060] Preferably, lateral epitaxial growth progresses 
such that at least an upper portion of the front of lateral 
epitaxial growth is perpendicular to the surface of a sub- 
strate. More preferably, growth fronts are {11-20} planes 
of a Group III nitride compound semiconductor. 
[0061] The depth and width of trenches to be etched 
may be determined such that lateral epitaxial growth fills 
or bridges the trenches. 

[0062] When a underlying layer having a multi-layer 
structure is formed of AIN, Al^a^N, or AlxGayln^.yN 
(x * 0) and a first Group III nitride compound semicon- 
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ductor layer is formed of GaN, the layer formed of AIN, 
A^Ga^N, or Al x Ga y ln 1 . x „ y N (x * 0) serves favorably as 
a stopper layer during plasma etching involving chlorine 
in the form of, for example, Cl 2 or BCI 3 , to thereby reg- 
ulate the depth of trenches. This is also applicable when 
etching is performed so as to expose the top buffer layer 
of the underlying layer containing an arbitrary number 
of repetitions of a unit of a buffer layer and a Group III 
nitride compound semiconductor layer. Thus, there can 
be easily established conditions for accelerating lateral 
growth from the sidewalls of the first Group III nitride 
compound semiconductor layer while vertical growth 
from a mask is suppressed. Thus, the design of trenches 
can be facilitated, and the trenches can be rendered 
shallow. When the trenches are shallow, conceivably, 
lateral growth from the upper surface of the first Group 
III nitride compound semiconductor layer becomes pre- 
dominant. Regardless of the depth of the trenches, lat- 
eral growth proceeds on the mask. 
[0063] When the crystal orientation of a Group III ni- 
tride compound semiconductor layer to be formed on a 
substrate can be predicted, masking or etching in the 
form of stripes perpendicular to the a-plane ({11-20} 
plane) or the m-plane ({1-100} plane) of the Group III 
nitride compound semiconductor layer is favorable. The 
aforementioned stripe or mask patterns may be island- 
like or grid-like or may assume other forms. The front of 
lateral epitaxial growth may be perpendicular or oblique 
to the surface of a substrate. In order for the a-ptane; i. 
e., the (11-20) plane, of a Group III nitride compound 
semiconductor layer to become the front of lateral epi- 
taxial growth, the lateral direction of stripes must, for ex- 
ample, be perpendicular to the m-plane; i.e., the (1-100) 
plane, of the Group III nitride compound semiconductor 
layer. For example, when the surface of a substrate is 
the a-plane or the c-plane of sapphire, the m-plane of 
sapphire usually matches the a-plane of a Group ill ni- 
tride compound semiconductor layer formed on the sub- 
strate. Thus, etching is performed according to the ar- 
rangement of the planes. In the case of a dot-like, grid- 
like, or island-like etching, planes that define an outline 
(sidewalls) are preferably {11-20} planes. 
[0064] A mask may be formed of a multi-layer film 
formed from a polycrystalline semiconductor such as 
polycrystalline silicon or a polycrystalline nitride semi- 
conductor; an oxide or a nitride, such as silicon oxide 
(SiO x ), silicon nitride (SiN x ), titanium oxide (TiO x ), or zir- 
conium oxide (ZrO x ) ; or a metal of high melting point, 
such as titanium (Ti) or tungsten (W). The film may be 
formed through any known method, such as a vapor- 
growth method (e.g., deposition, sputtering, or CVD). 
Such a material may be employed for forming a mask 
used for causing the first Group III nitride compound 
semiconductor layer to remain. When lateral growth is 
performed, a mask employed during etching is re- 
moved, to thereby expose the upper surface of the first 
Group III nitride compound semiconductor layer. 
[0065] Reactive ion etching (RIE) is preferred, but any 



other etching process may be employed. When trench- 
es having sidewalls oblique to the surface of a substrate 
are to be formed, anisotropic etching is employed. By 
means of anisotropic etching, trenches are formed such 
5 that the trenches have a V-shaped cross section. 

[0066] Anisotropic etching may involve undercut such 
that reactive ion beam etching (RIBE) proceeds beneath 
a hard bake resist, depending on the shape of the hard 
bake resist. 

10 [0067] When a mask formed of an electrically conduc- 
tive metal is etched, metal etching employing a nitric- 
acid-based solution may be performed. Meanwhile, the 
following procedure may be performed: a resist is 
formed merely on a top of a Group III nitride compound 

15 semiconductor; an electrically conductive metal mask is 
deposited on the Group Hi nitride compound semicon- 
ductor; and the resist and a portion of the mask that cov- 
ers the resist are removed through a lift-off method, to 
thereby expose the top of the Group III nitride compound 

20 semiconductor. 

[0068] A semiconductor device, such as an FET or a 
light-emitting device, can be formed on the above-de- 
scribed Group III nitride compound semiconductor hav- 
ing regions where threading dislocation is suppressed, 

25 throughout the entire region or mainly on the regions 
where threading dislocation is suppressed. In the case 
of a light-emitting device, a light-emitting layer assumes 
a multi-quantum well (MQW) structure, a single-quan- 
tum well (SQW) structure, a homo-structure, a single- 

30 hetero-structure, or a double-hetero-structure, or may 
be formed by means of, for example, a pin junction or a 
pn junction. 

[0069] The aforementioned second Group II! nitride 
compound semiconductor layer 32 in which threading 

35 dislocations are reduced may be separated from, for ex- 
ample, the substrate 1 , the buffer layer 2, the first Group 
111 nitride compound semiconductor layer 31, and the 
mask 4, to thereby form a Group III nitride compound 
semiconductor substrate. A Group III nitride compound 

40 semiconductor device may be formed on the resultant 
semiconductor substrate. The substrate may be em- 
ployed for forming a larger Group III nitride compound 
semiconductor crystal. Removal of the substrate 1, the 
buffer layer 2, the layer 31 , and the mask 4 may be car- 

45 ried out through any technique, such as mechanochem- 
ical polishing. 

[0070] Embodiments of the present invention in which 
light-emitting elements are produced will next be de- 
scribed. The present invention is not limited to the em- 
50 bodiments described below. The present invention dis- 
closes a method for fabricating a Group III nitride com- 
pound semiconductor applicable to fabrication of any 
device. 

[0071] The Group III nitride compound semiconductor 
55 of the present invention was produced through metal- 
organic vapor phase epitaxy (hereinafter called 
"MOVPE"). The following gasses were employed: am- 
monia (NH 3 ), carrier gas (H 2 or N 2 ), trimethylgallium (Ga 
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(CH 3 ) 3 , hereinafter called "TMG"), trimethylaluminum 
(AI(CH 3 ) 3 , hereinafter called "TMA"), trimethylindium (In 
(CH 3 ) 3 , hereinafter called "TMI"), and cyclopentadienyl- 
magnesium (Mg(C 5 H 5 ) 2 , hereinafter called "Cp 2 Mg"). 

[First Embodiment] 

[0072] FIGs. 1 and 2 show the steps of the present 
embodiment. A monocrystalline sapphire substrate 
1001 containing an a-plane as a primary crystal plane 
was cleaned through organic cleaning and heat treat- 
ment. The temperature of the substrate 1001 was low- 
ered to 400°C, and H 2 (10 L/min), NH 3 (5 L/min), and 
TMA (20 jimol/min) were fed for about three minutes, to 
thereby form an AIN buffer layer 1002 (thickness: about 
40 nm) on the substrate 1001. Subsequently, the tem- 
perature of the sapphire substrate 1001 was maintained 
at 1 ,000°C, and H 2 (20 L/min), NH 3 (1 0 L/min), and TMG 
(300 urnol/min) were introduced, to thereby form a GaN 
layer 1031 (thickness: about 2 u.m). 
[0073] Subsequently, the GaN layer 1031 was sub- 
jected to selective dry etching by means of reactive ion 
beam etching (RIBE), to thereby form mesas in the form 
of laterally aligned triangular prisms (length of the base 
of the cross section of each prism: 2 u.m, height of the 
cross section: 2 nm) (FIG. 1 A). The angle formed by the 
base and the side of the cross section of each triangular 
prism was found to be about 60°. The angle formed by 
the base and the side of the cross section is preferably 
10° to 80°, more preferably 30° to 70°. Subsequently, 
sputtering of tungsten (W) was performed, to thereby 
form a mask 1004 so as to cover the entire surface of 
the above-etched GaN layer 1031 (FIG. 1B). 
[0074] Subsequently, in order to expose merely tops 
T of the laterally aligned triangular prisms (length of the 
base of the cross section of each prism: 2 u.m, height of 
the cross section: 2 u,m), the tungsten (W) mask 1004 
was subjected to selective etching by use of a nitric-ac- 
id-based metal etching solution (FIG. 1C). Thus, the 
tops T (height: 0.5 p.m) of the GaN layer 1031 were ex- 
posed. As an alternative method for exposing the tops 
T of the GaN layer 1031, the following procedure may 
be performed: a resist is formed on the tops T of the 
GaN layer 1031; a metallic mask is deposited on the 
GaN layer 1031 ; and the resist and a portion of the mask 
that covers the resist are removed through a lift-off 
method. 

[0075] Subsequently, the temperature of the sapphire 
substrate 1001 was maintained at 1,150°C, and H 2 (20 
L/min), NH 3 (10 L/min), and TMG (2 u.mol/min) were in- 
troduced, to thereby grow a GaN layer 1 032 through lat- 
eral epitaxial growth around the tops T (height: 0.5 u.m) 
of the GaN layer 1031 serving as nuclei for crystal 
growth, i.e., seeds (FIG. 2D). Through this lateral epi- 
taxial growth, the mask 1004 was also covered with the 
GaN layer 1032, and the surface of the GaN layer 1032 
became flat (FIG. 2E). Thereafter, H 2 (20 L/min), NH 3 
(10 L/min), and TMG (300 u.mol/min) were introduced, 



to thereby further grow the GaN layer 1032 until the 
overall thickness of the GaN layer 1031 and the GaN 
layer 1032 became 3 urn. The threading dislocations 
contained in the GaN layer 1032 were considerably re- 
5 duced in number as compared with those contained in 
the GaN layer 1031. 

[Second embodiment] 

[0076] In the present embodiment, as shown in FIGs. 
4 and 5, an underlying layer including multiple layers 
was employed. A monocrystalline sapphire substrate 
1001 having an a-plane as a primary crystal plane was 
cleaned through organic cleaning and heat treatment. 
The temperature of the substrate 1001 was lowered to 
400°C, and H 2 (10 L/min), NH 3 (5 L/min), and TMA (20 
urnol/min) were fed for about three minutes, to thereby 
form a first AIN layer (first buffer layer) 1021 (thickness: 
about 40 nm) on the substrate 1001. Subsequently, the 
temperature of the sapphire substrate 1001 was main- 
tained at 1,000°C, and H 2 (20 L/min), NH 3 (10 L/min), 
and TMG (300 urnol/min) were introduced, to thereby 
form a GaN layer (intermediate layer) 1022 (thickness: 
about 0.3 u.m). Subsequently, the temperature of the 
substrate 1001 was lowered to 400°C, and H 2 (10 U 
min), NH 3 (5 L/min), and TMA (20 ujriol/min) were fed 
for about three minutes, to thereby form a second AIN 
layer (second buffer layer) 1023 (thickness: about 40 
nm). Subsequently, the temperature of the sapphire 
substrate 1001 was maintained at 1,000°C, and H 2 (20 
L/min), NH 3 (10 L/min), and TMG (300 urnol/min) were 
introduced, to thereby form a GaN layer 1031 (thick- 
ness: about 1 .5 urn). Thus, there was formed an under- 
lying layer 1020 including the first AIN layer (first buffer 
layer) 1021 (thickness: about 40 nm), the GaN layer (in- 
termediate layer) 1022 (thickness: about 0.3 urn), the 
second AIN layer (second buffer layer) 1023 (thickness: 
about 40 nm), and the GaN layer 1031 (thickness: about 
1 .5 um). Generally, a buffer layer is amorphous and an 
intermediate layer is monocrystalline. A plurality of units 
each consisting of a buffer layer and an intermediate lay- 
er may be formed, and the number of such units is not 
particularly limited. The greater the number of units, the 
greater the improvement in crystallinity. 
[0077] Subsequently, in a manner similar to that of the 
first embodiment, the underlying layer 1020 was sub- 
jected to etching, to thereby form mesas in the form of 
laterally aligned triangular prisms (length of the base of 
the cross section of each prism: 2um, height of the cross 
section: 1 .8 pm), and a tungsten mask 1 004 was formed 
through sputtering. Thereafter, the tungsten mask 1004 
was subjected to selective etching, to thereby expose 
merely tops (height: 0.5 urn) of the GaN layer 1031. 
[0078] Subsequently, the temperature of the sapphire 
substrate 1001 was maintained at 1,150°C, and H 2 (20 
L/min), NH 3 (10 L/min), and TMG (2 urnol/min) were in- 
troduced, to thereby grow a GaN layer 1032 through lat- 
eral epitaxial growth around the tops (height: 0.5 |im) of 
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the GaN layer 1031 serving as nuclei until the overall 
thickness of the GaN layer 1031 and the GaN layer 1032 
became 3 urn. The threading dislocations contained in 
the GaN layer 1032 were considerably reduced in 
number as compared with those contained in the GaN 
layer 1031. 

[Third embodiment] 

[0079] In the present embodiment, the first embodi- 
ment was modified such that, in formation of the GaN 
layer 1031, the GaN layer 1031 was doped with TMI to 
become a GaN:ln layer 1031 . The doping amount of in- 
dium (In) was regulated to about 1 x 10 16 /cm 3 . Subse- 
quently, in a manner substantially similar to that of the 
first embodiment, etching was performed; a tungsten 
mask 1004 was formed; theGaN:ln layer 1031 was sub- 
jected to selective etching to thereby expose tops of the 
layer 1031 ; and lateral epitaxial growth of GaN was per- 
formed. The threading dislocations contained in a GaN 
layer 1032 which was laterally grown on the GaN:ln lay- 
er 1031 serving as nuclei for crystal growth were slightly 
reduced in number as compared with those contained 
in the GaN layer 1032 formed in the first embodiment. 

[Fourth embodiment] 

[0080] On a wafer formed in a manner similar to that 
of the first embodiment, a laser diode (LD) 1100 shown 
in FIG. 6 was formed in the following manner. Notably, 
in formation of the GaN layer 1032, silane (SiH 4 ) was 
introduced so as to form a silicon (Si)-doped n-type GaN 
layer serving as the GaN layer 1032. For the sake of 
simplified illustration, the drawing merely illustrates a 
GaN layer 1103 to inclusively represent the GaN layer 
1031, the tungsten mask 4, and the GaN layer 1032. 
[0081] On a wafer including a sapphire substrate 
1101, an AIN buffer layer 1102, and the GaN layer 1103 
consisting of a GaN layer, a tungsten mask, and an n- 
type GaN layer, a silicon (Si)-doped Al 0 .o8^ a o.92 N n " 
cladding layer 1104, a silicon (Si)-doped GaN n-guide 
layer 1105, an MQW-structured light-emitting layer 

1106, a magnesium (Mg)-doped GaN p-guide layer 

1107, a magnesium (Mg)-doped Al 008 Ga 092 N p-clad- 
ding layer 1108, and a magnesium (Mg)-doped GaN p- 
contact layer 1109 were formed. Subsequently, an elec- 
trode 1110A of gold (Au) was formed on the p-contact 
layer 1109. Etching was partially performed until the 
two-layered GaN layer 1103 consisting of the GaN layer 
and the n-type GaN layer was exposed. On the exposed 
GaN layer 1103, an electrode 1110B of aluminum (A!) 
was formed. An essential portion of the laser diode (LD) 
1100 was formed atop the lateral epitaxial growth re- 
gions of the GaN layer 1 103; i.e., atop the regions where 
threading dislocation is suppressed. The thus-formed 
laser diode (LD) 1100 exhibited significant improvement 
of service life and light-emitting efficiency. 



[Fifth embodiment] 

[0082] On a wafer formed in a manner similar to that 
of the first embodiment, a light-emitting diode (LED) 

5 1200 shown in FIG. 7 was formed in the following man- 
ner. Notably, in formation of the GaN layer 1032, silane 
(SiH 4 ) was introduced so as to form a silicon (Si)-doped 
n-type GaN layer serving as the GaN layer 1032. For 
the sake of simplified illustration, the drawing merely il- 

10 lustrates a GaN layer 1203 to inclusively represent the 
GaN layer 1031 , the tungsten mask 1004, and the GaN 
layer 1032. 

[0083] On a wafer including a sapphire substrate 
1201, an AIN buffer layer 1202, and the GaN layer 1203 
15 consisting of a GaN layer, a tungsten mask, and an n- 
type GaN layer, a silicon (Si)-doped AI O08 Ga 0 92 N n- 
cladding layer 1204, a light-emitting layer 1205, a mag- 
nesium (Mg)-doped AI 008 Ga 092 N p-cladding layer 

1206, and a magnesium (Mg)-doped GaN p-contact lay- 
20 er 1207 were formed. Subsequently, an electrode 

1208A of gold (Au) was formed on the p-contact layer 

1207. Etching was partially performed until the two-lay- 
ered GaN layer 1203 consisting of the GaN layer and 
the n-type GaN layer was exposed. On the exposed 

25 GaN layer 1203, an electrode 1208B of aluminum (Al) 
was formed. The thus-formed light-emitting diode (LED) 
1200 exhibited significant improvement of service life 
and light-emitting efficiency. 

30 [Sixth embodiment] 

[0084] In the present embodiment, as shown in FIGs. 
8 and 9, an n-type silicon (Si) substrate was employed. 
On an n-type silicon (Si) substrate 1301, a silicon (Si)- 

35 doped Al 0 15 Ga 0 85 N layer 3021 (thickness: 2 u.m) was 
formed at a temperature of 1,150°C through feeding of 
H 2 (10 L/min), NH 3 (10 L/min), TMG (100 u.mol/min), 
TMA (10 umol/min), and silane (SiH 4 ) diluted with H 2 
gas to 0.86 ppm (0.2 p.mol/min). Subsequently, the 

40 Al 0 15 Ga 0 85 N layer 3021 was subjected to selective dry 
etching by means of reactive ion beam etching (RIBE), 
to thereby form mesas or poles in the form of laterally 
aligned triangular prisms (length of the base of the cross 
section of each prism: 2 u.m, height of the cross section: 

45 2 jim). Thereafter, in a manner similar to that of the first 
embodiment, a tungsten mask 1004 was formed, and 
selective etching was performed, to thereby expose 
tops (height: 0.5 u,m) of the Al 0 15 Ga 0 85 N layer 3021. 
[0085] Subsequently, while the temperature of the n- 

50 type silicon substrate 1301 was maintained at 1,150°C, 
H 2 (20 L/min), NH 3 (10 L/min), TMG (2 ujnol/min), TMA 
(0.2 nmol/min), and silane (SiH 4 ) diluted with H 2 gas (4 
nmol/min) were introduced, to thereby form an n- 
AI 015 Ga 0 85 N layer 3022 through lateral epitaxial 

55 growth around the tops (height: 0.5 um) of the n- 
Al 0 15 Ga 0 85 N layer 3021 serving as nuclei for crystal 
growth. Through this lateral epitaxial growth, the mask 
1004 was covered with the n-AI 0 15 Ga 0 85 N layer 3022, 
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and the surface of the layer 3022 became flat. Thereaf- 
ter, H 2 ( 1 0 L/min), NH 3 ( 1 0 L/min), TMG (1 00 nmol/min), 
TMA (10 nmol/min), and silane (SiH 4 ) diluted with H 2 
gas (0.2 nmol/min) were fed, to thereby further grow the 
n-AI 0 15 Ga 0 85 N layer 3022 until the overall thickness of 5 
the n-AI 0 15 Ga 0 85 N layer 3021 and the n-AI 0 15 Ga 0 85 N 
layer 3022 became 3 urn. Hereinafter, the n- 
Al 0 15 Ga 085 N layer 3021, the tungsten mask 1004, and 
the n-AI 0 15 Ga 0 85 N layer 3022 (overall thickness: 3 u.m) 
are inclusively represented by an n-AI 0 15 Ga 0 85 N layer 
1302. 

[0086] As shown in FIG. 10, on the n-AI 0 15 Ga 0 85 N 
layer 1302 formed on the n-type silicon substrate 1301, 
a silicon (Si)-doped GaN n-guide layer 1303, an MQW- 
structured light-emitting layer 1304, a magnesium (Mg)- 
doped GaN p-guide layer 1305, a magnesium (Mg)- 
doped AI 0 08 Ga 0 92 N p-cladding layer 1306, and a mag- 
nesium (Mg)-doped GaN p-contact layer 1307 were 
formed. Subsequently, an electrode 1308Aof gold (Au) 
was formed on the p-contact layer 1307, and an elec- 
trode 1308B of aluminum (Al) was formed on the back 
side of the silicon substrate 1 301 (FIG. 1 0). An essential 
portion of a laser diode (LD) 1300 was formed atop the 
lateral epitaxial growth regions of the n-AI 0 15 Ga 085 N 
layer 1302; i.e., atop the regions where threading dislo- 
cation is suppressed. The thus-formed laser diode (LD) 
1300 exhibited significant improvement of service life 
and light-emitting efficiency. 

[Seventh embodiment] 

[0087] In the present embodiment, an n-type silicon 
(Si) substrate was employed. As in the sixth embodi- 
ment which employed a wafer including the n-type sili- 
con substrate 1301 and the n-AI 0 15 Ga 0 85 N layer 1302 
formed thereon, the present embodiment prepared a 
wafer including an n-type silicon substrate 1401 and an 
n-AI 0 15 Ga 085 N layer 1402 formed on the substrate 
1401. On the wafer, a light-emitting layer 1403 and a 
magnesium (Mg)-doped Al 0 15 Ga 0 85 N p-cladding layer 
1404 were formed. Subsequently, an electrode 1405A 
of gold (Au) was formed on the p-cladding layer 1404, 
and an electrode 1405B of aluminum (Al) was formed 
on the back side of the silicon substrate 1401 (FIG. 11). 
The thus-formed light-emitting diode (LED) 1400 exhib- 
ited significant improvement of service life and light- 
emitting efficiency. 

[Modification of etching] 

[0088] As shown in FIG. 3A, etching may be per- 
formed such that trenches having flat bottom surfaces 
are formed. Alternatively, as shown in FIG. 3B, etching 
may be performed such that mesas having curved side- 
walls are formed. 



[Eighth embodiment] 

[0089] FIG. 12 shows the steps of the present embod- 
iment. A monocrystalline sapphire substrate 1 having an 
a-plane as a primary crystal plane was cleaned through 
organic cleaning and heat treatment. The temperature 
of the substrate 1 was lowered to 400°C, and H 2 (10 U 
min), NH 3 (5 L/min), and TMA (20 umol/min) were fed 
for about three minutes, to thereby form an AIN buffer 
layer 2 (thickness: about 40 nm) on the substrate 1 . Sub- 
sequently, the temperature of the sapphire substrate 1 
was maintained at 1,000°C, and H 2 (20 L/min), NH 3 (10 
L/min), and TMG (300 nmol/min) were introduced, to 
thereby form a GaN layer 31 (thickness: about 0.5 |xm). 
[0090] By use of a hard bake resist mask, stripe- 
shaped trenches each having a width of 10 nm and a 
depth of 0.5 p,m were selectively dry-etched at intervals 
of 10 nm by means of reactive ion etching (RIE). As a 
result, mesas of the GaN layer 31 each having a width 
of 10 u.m and a height of 0.5 u.m, and trenches each 
having a width of 10 u.m and having the substrate 1 ex- 
posed at the bottom thereof were alternately formed 
(FIG. 12A). At this time, the {11-20} planes of the GaN 
layer 31 were caused to serve as the sidewalls of the 
trenches of a depth of 0.5 jim. 

[0091 ] Subsequently, a silicon dioxide (Si0 2 ) film was 
uniformly formed through sputtering. Thereafter, a resist 
was applied onto the Si0 2 film; a portion of the resist 
that covered a necessary portion of the silicon dioxide 
film was caused to remain through photolithography; 
and a portion of the silicon dioxide film that was not cov- 
ered with the resist was subjected to wet etching, to 
thereby form a wafer having the structure shown in FIG. 
12 A. 

[0092] Subsequently, while the temperature of the 
sapphire substrate 1 was maintained at 1 , 1 50°C, H 2 (20 
L/min), NH 3 (10 L/min), and TMG (2 nmol/min) were in- 
troduced, to thereby form a GaN layer 32 through lateral 
epitaxial growth performed while the sidewalls of the 
trenches of a depth of 0.5 urn; i.e., the {11-20} planes of 
the GaN layer 31 , served as nuclei. At this time, virtually 
no vertical growth progressed from the top surfaces of 
the mesas, and no vertical growth progressed from 
masks 4 provided at the bottoms of the trenches (FIG. 
12B). Lateral epitaxial growth was performed while the 
{11-20} planes primarily served as the growth fronts, 
whereby the trenches were filled or a bridged structure 
having micro spaces was provided between the GaN 
layer 32 and the mask 4, and the surface of the GaN 
layer 32 become flat (FIG. 12C). Thereafter, H 2 (20 U 
min), NH 3 (10 L/min), and TMG (300 nmol/min) were 
introduced, to thereby further grow the GaN layer 32 un- 
til the overall thickness of the GaN layer 31 and the GaN 
layer 32 became 3 nm. In contrast to portions of the GaN 
layer 32 formed above the top surfaces of the mesas, 
portions of the GaN layer 32 formed above the bottoms 
of the trenches extending as deep as 0.5 nm through 
the GaN layer 31 exhibited significant suppression of 
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threading dislocations. 
[Ninth embodiment] 

[0093] In the present embodiment, as shown in FIG. 
13, an underlying layer including multiple layers was 
employed. A monocrystalline sapphire substrate 1 hav- 
ing an a-plane as a primary crystal plane was cleaned 
through organic cleaning and heat treatment. The tem- 
perature of the substrate 1 was lowered to 400°C, and 
H 2 (10 L/min), NH 3 (5 L/min), and TMA (20 u.mol/min) 
were fed for about three minutes, to thereby form a first 
AIN layer (first buffer layer) 21 (thickness: about 40 nm) 
on the substrate 1 . Subsequently, the temperature of the 
sapphire substrate 1 was maintained at 1,000°C, and 
H 2 (20 L/min), NH 3 (10 L/min), and TMG (300 pmol/min) 
were introduced, to thereby form a GaN layer (interme- 
diate layer) 22 (thickness: about 0.3 u.m). Subsequently, 
the temperature of the substrate 1 was lowered to 
400°C, and H 2 (10 L/min), NH 3 (5 L/min), and TMA (20 
pjrnol/min) were fed for about three minutes, to thereby 
form a second AIN layer (second buffer layer) 23 (thick- 
ness: about 40 nm). Subsequently, the temperature of 
the sapphire substrate 1 was maintained at 1,000°C, 
and H 2 (20 L/min), NH 3 (10 L/min), and TMG (300 \imo\I 
min) were introduced, to thereby form a GaN layer 31 
(thickness: about 0.5 um). Thus, there was formed an 
underlying layer 20 including the first AIN layer (first buff- 
er layer) 21 (thickness: about 40 nm), the GaN layer (in- 
termediate layer) 22 (thickness: about 0.3 u.m), the sec- 
ond AIN layer (second buffer layer) 23 (thickness: about 
40 nm), and the GaN layer 31 (thickness: about 0.5 nm). 
Generally, a buffer layer is amorphous and an interme- 
diate layer is monocrystalline. A plurality of units each 
consisting of a buffer layer and an intermediate layer 
may be formed, and the number of such units is not par- 
ticularly limited. The greater the number of units, the 
greater the improvement in crystallinity. 
[0094] Subsequently, by use of a hard bake resist 
mask, stripe-shaped trenches each having a width of 10 
nm and a depth of 0.5 nm were selectively dry-etched 
at intervals of 10 nm by means of reactive ion etching 
(RIE). As a result, mesas of the GaN layer 31 each hav- 
ing a width of 1 0 nm and a height of 0.5 nm, and trenches 
each having a width of 10 u,m and having the second 
AIN layer 23 exposed at the bottom thereof were alter- 
nately formed (FIG. 1 3). At this time, the {1 1 -20} planes 
of the GaN layer 31 were caused to serve as the side- 
walls of the trenches of a depth of 0.5 nm. 
[0095] Subsequently, in a manner similar to that of the 
first embodiment, masks 4 were formed on the second 
AIN layer 23 such that the upper surfaces of the masks 
4 were positioned below the top surface of the GaN layer 
31. 

[0096] Subsequently, while the temperature of the 
sapphire substrate 1 was maintained at 1,150°C, H 2 (20 
L/min), NH 3 (10 L/min), and TMG (2 nmol/min) were in- 
troduced, to thereby form a GaN layer 32 through lateral 



epitaxial growth performed while the sidewalls of the 
trenches of a depth of 0.5 urn; i.e., the {11-20} planes of 
the GaN layer 31 , served as nuclei for crystal growth. At 
this time, virtually no vertical growth progressed from the 

5 top surfaces of the mesas, and no vertical growth pro- 
gressed from the masks 4 provided at the bottoms of 
the trenches. Lateral epitaxial growth was performed 
while the {11-20} planes primarily served as the growth 
fronts, whereby the trenches were filled or a lateral 

10 growth region having a bridge structure was provided, 
and the surface of the GaN layer 32 become flat. There- 
after, H 2 (20 L/min), NH 3 (10 L/min), and TMG (300 
nmol/min) were introduced, to thereby further grow the 
GaN layer 32 until the overall thickness of the GaN layer 

15 31 and the GaN layer 32 became 3 |im. In contrast to 
portions of the GaN layer 32 formed above the top sur- 
faces of the mesas, portions of the GaN layer 32 formed 
above the bottoms of the trenches extending as deep 
as 0.5 nm through the GaN layer 31 exhibited significant 

20 suppression of threading dislocations. 

[Tenth embodiment] 

[0097] In the present embodiment, in a manner similar 
25 to that of the ninth embodiment, an underlying layer 20 
including a first AIN layer (first buffer layer) 21 (thick- 
ness: about 40 nm), a GaN layer (intermediate layer) 22 
(thickness: about 0.3 pm), a second AIN layer (second 
buffer layer) 23 (thickness: about 40 nm), and a GaN 
30 layer 3 1 (thickness: about 0.5 u.m) was formed on a sap- 
phire substrate 1 . Subsequently, etching to a depth of 
about 0.8 u.m was performed to thereby alternately form 
mesas each having a width of 10 nm and a height of 0.8 
nm and having the GaN layer 31 as the top layer, and 
35 trenches each having a width of 10 nm and having the 
first AIN layer 21 exposed at the bottom thereof (FIG. 
14). At this time, the {11-20} planes of the GaN layer 31 , 
the second AIN layer (second buffer layer) 23, and the 
GaN layer (intermediate layer) 22 were caused to serve 
40 as the sidewalls of the trenches of a depth of 0.8 nm. 
Masks 4 were formed on the first AIN layer 21 such that 
the upper surfaces of the masks 4 were positioned be- 
low the top surface of the GaN layer 31 . As in the second 
embodiment, lateral epitaxial growth was performed 
45 while the {11-20} planes primarily served as the growth 
fronts, thereby establishing a flat top surface. Subse- 
quently, the GaN layer 32 was grown such that the over- 
all thickness of the GaN layer 31 and the GaN layer 32 
became 3 nm. In contrast to portions of the GaN layer 
50 32 formed above the top surfaces of the mesas, portions 
of the GaN layer 32 formed above the masks 4 provided 
at the bottoms of the trenches extending as deep as 
about 0.8 nm through the GaN layer 31 , the second AIN 
layer (second buffer layer) 23, and the GaN layer (inter- 
55 mediate layer) 22 exhibited significant suppression of 
threading dislocation. 
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[Eleventh embodiment] 

[0098] In the present embodiment, the eighth embod- 
iment was modified such that, in formation of the GaN 
layer 31, the GaN layer 31 was doped with TMI to be- 
come a GaN:ln layer 31. The doping amount of indium 
(In) was regulated to about 1 x10 16 /cm 3 . Subsequently, 
etching and lateral epitaxial growth of GaN were per- 
formed in a manner substantially similar to that of the 
first embodiment (FIG. 15). The threading dislocations 
contained in a GaN layer 32 which was laterally grown 
on the GaNiln layer 31 serving as a nucleus for crystal 
growth were slightly reduced in number as compared 
with those contained in the GaN layer 1032 formed in 
the first embodiment. Portions of the GaN layer 32 
grown vertically above the GaN: In layer 31 exhibited 
threading dislocations reduced to about 1/100 those 
contained in the GaN layer 1032 formed in the first em- 
bodiment. 

[Twelfth embodiment] 

[0099] On a lateral growth region of a wafer formed in 
a manner similar to that of the eighth embodiment, a la- 
ser diode (LD) 100 shown in FIG. 16 was formed in the 
following manner. Notably, in formation of the GaN layer 
32, silane (SiH 4 ) was introduced so as to form a silicon 
(Si)-doped n-type GaN layer serving as the GaN layer 
32. For the sake of simplified illustration, the drawing 
merely illustrates a GaN layer 103 to inclusively repre- 
sent the GaN layer 31 and the GaN layer 32. 
[0100] On a wafer including a sapphire substrate 101 , 
an AIN buffer layer 102, and the two-layered GaN layer 
103 consisting of a GaN layer and an n-type GaN layer, 
a silicon (Si)-doped Al 0 08 Ga 0 92 N n-cladding layer 104, 
a silicon (Si)-doped GaN n-guide layer 105, an MQW- 
structured light-emitting layer 106, a magnesium (Mg)- 
doped GaN p-guide layer 107, a magnesium (Mg)- 
doped AI 0 o 8 Ga 092 N p-cladding layer 108, and a mag- 
nesium (Mg)-doped GaN p-contact layer 109 were 
formed. Subsequently, an electrode 110A of gold (Au) 
was formed on the p-contact layer 1 09. Etching was par- 
tially performed until the two-layered GaN layer 103 con- 
sisting of the GaN layer and the n-type GaN layer was 
exposed. On the exposed GaN layer 103, an electrode 
11 0B of aluminum (Al) was formed. An essential portion 
of the laser diode (LD) 100 was formed atop the lateral 
epitaxial growth regions of the GaN layer 103; i.e., atop 
the regions where threading dislocation is suppressed. 
The thus-formed laser diode (LD) 100 exhibited signifi- 
cant improvement of service life and light-emitting effi- 
ciency. 

[Thirteenth embodiment] 

[01 01] On a lateral growth region of a wafer formed in 
a manner similar to that of the eighth embodiment, a 
light-emitting diode (LED) 200 shown in FIG. 17 was 



formed in the following manner. Notably, in formation of 
the GaN layer 32, silane (SiH 4 ) was introduced so as to 
form a silicon (Si)-doped n-type GaN layer serving as 
the GaN layer 32. For the sake of simplified illustration, 

5 the drawing merely illustrates a GaN layer 203 to inclu- 
sively represent the GaN layer 31 and the GaN layer 32. 
[0102] On a wafer including a sapphire substrate 201 , 
an AIN buffer layer 202, and the two-layered GaN layer 
203 consisting of a GaN layer and an n-type GaN layer, 

10 a silicon (Si)-doped Al 0 08 Ga 0 92 N n-cladding layer 204, 
a light-emitting layer 205, a magnesium (Mg)-doped 
A 'o.08^ a o.92 N p-cladding layer 206, and a magnesium 
(Mg)-doped GaN p-contact layer 207 were formed. Sub- 
sequently, an electrode 208A of gold (Au) was formed 

15 on the p-contact layer 207. Etching was partially per- 
formed until the two-layered GaN layer 203 consisting 
of the GaN layer and then-type GaN layer was exposed. 
On the exposed GaN layer 203, an electrode 208B of 
aluminum (Al) was formed. The thus-formed light-emit- 

20 ting diode (LED) 200 exhibited significant improvement 
of service life and light-emitting efficiency. 

[Fourteenth embodiment] 

25 [0103] In the present embodiment, an n-type silicon 
(Si) substrate was employed. On an n-type silicon (Si) 
substrate 301, a silicon (Si)-doped Al 0 15 Ga 085 N layer 
3021 (thickness: 0.5 u,m) was formed at a temperature 
of 1,150°C through feeding of H 2 (10 L/min), NH 3 (10 U 

30 min), TMG (100 umol/min), TMA (10 u.mol/min), and si- 
lane (SiH 4 ) diluted with H 2 gas to 0.86 ppm (0.2 (imol/ 
min). Subsequently, by use of a hard bake resist mask, 
stripe-shaped trenches each having a width of 10 u.m 
and a depth of 0.5 u.m were selectively dry-etched at 

35 intervals of 10 u.m by means of reactive ion etching 
(RIE). As a result, mesas of the n-AI 0 15 Ga 0 85 N layer 
3021 each having a width of 10 urn and a height of 0.5 
nm, and trenches each having a width of 10 u.m and hav- 
ing the n-type silicon substrate 301 exposed at the bot- 

40 torn thereof were alternately formed (FIG. 18A). At this 
time, the {11-20} planes of the n-AI 0 15 Ga 0 85 N layer 
3021 were caused to serve as the sidewalls of the 
trenches of a depth of 0.5 um. 

[0104] Subsequently, tungsten masks 5 were formed 
45 at the bottoms of the trenches such that the upper sur- 
faces of the masks 5 were positioned below the top sur- 
face of the Al 0 15 Ga 0 85 N layer 3021. While the temper- 
ature of the n-type silicon substrate 301 was maintained 
at 1 ,150°C, H 2 (20 L/min), NH 3 (10 L/min), TMG (2 u,mol/ 
50 min), TMA (0.2 u.moi/min), and silane (SiH 4 ) diluted with 
H 2 (4 nmol/min) were fed, to thereby form an n- 
AI 015 Ga 085 N layer 3022 through lateral epitaxial 
growth performed while the sidewalls of the trenches of 
a depth of 0.5 jim; i.e., the {11-20} planes of the n- 
55 A 'o.i5^ a o.85N layer 3021, serve as nuclei for crystal 
growth. At this time, virtually no vertical epitaxial growth 
progressed from the top surfaces of the mesas and from 
the masks 5 provided at the bottoms of the trenches 



17 



31 



EP 1 280 190 A1 



32 



(FIG. 18B). Lateral epitaxial growth was performed 
while the {11-20} planes primarily served as the growth 
fronts, whereby the trenches were filled or a bridge 
structure was provided in the trenches, and the surface 
of the layer 3022 become flat. Thereafter, H 2 (10 L/min), 5 
NH 3 (10 L/min), TMG (100 urnol/min), TMA (10 umol/ 
min), and siiane (SiH 4 ) diluted with H 2 gas (0.2 jimol/ 
min) were fed, to thereby further grow the n- 
Al 0 15 Ga 085 N layer 3022 until the overall thickness of 
the n-AI 0 15 Ga 0 85 N layer 3021 and the n-AI 0 15 Ga 0 85 N 10 
layer 3022 became 2 urn (FIG. 18C). Hereinafter, the n- 
Al 0 15 Ga 0 85 N layer 3021 and the n-AI 0 15 Ga 085 N layer 
3022 (overall thickness: 2 u.m) are inclusively represent- 
ed by an n-A! 0 15 Ga 0 85 N layer 302. 

[0105] On the n-AI 0 15 Ga 0 85 N layer 302 formed on 15 
the n-type silicon substrate 301, a silicon (Si)-doped 
GaN n-guide layer 303, an MQW-structured light-emit- 
ting layer 304, a magnesium (Mg)-doped GaN p-guide 
layer 305, a magnesium (Mg)-doped Al 0 . 0 8 Ga o.92 N P~ 
cladding layer 306, and a magnesium (Mg)-doped GaN 20 
p-contact layer 307 were formed. Subsequently, an 
electrode 308A of gold (Au) was formed on the p-contact 
layer 307, and an electrode 308B of aluminum (Al) was 
formed on the back side of the silicon substrate 301 
(FIG. 19). An essential portion of a laser diode (LD) 300 25 
was formed atop the lateral epitaxial growth regions of 
the n-AI 0 15 Ga 085 N layer 302; i.e., atop the regions 
where threading dislocation is suppressed. The thus- 
formed laser diode (LD) 300 exhibited significant im- 
provement of service life and light-emitting efficiency. 30 



As shown in FIG. 21 A, etching is performed in the form 
of stripes so as to form mesas of the GaN layer 31 
(hatched in FIG. 21) and trenches denoted by letter B. 
A mask 4 is formed in the same manner as in the eighth 
embodiment. As shown in FIG. 21B, etching is per- 
formed in the form of stripes so as to form trenches de- 
noted by letter A and mesas of the GaN layer 32 which 
fill the trenches above the mask denoted by letter B in 
FIG. 21 A. A mask is formed merely at the trenches such 
that the upper surface of the mask is positioned below 
the top surface of the layer formed on a substrate. While 
the thus-formed mesas of the second GaN layer 32 
serve as nuclei for crystal growth, a GaN layer 33 is 
formed through lateral epitaxial growth. As a result, as 
shown in FIG. 21 C, there are formed regions denoted 
by reference numeral 31 where threading dislocation is 
propagated from the GaN layer 31, regions denoted by 
reference numeral 32 which are upper portions of the 
GaN layer 32 formed through lateral epitaxial growth 
and where threading dislocation is suppressed, and re- 
gions denoted by reference numeral 33 which are upper 
portions of the GaN layer 33 formed through lateral epi- 
taxial growth and where threading dislocation is sup- 
pressed. Thus, regions of reduced threading dislocation 
can be formed over the substantially entire surface of a 
wafer. Notably, the depth of etching of the GaN layer 32 
is not particularly limited. Similarly, a Group III nitride 
compound semiconductor substrate in which threading 
dislocation is suppressed over the entire surface thereof 
can be obtained. 



[Fifteenth embodiment] 

[0106] In the present embodiment, an n-type silicon 
(Si) substrate was employed. As in the fourteenth em- 
bodiment which employed a wafer including the n-type 
silicon substrate 301 and the n-AI 0 15 Ga 0 85 N layer 302 
formed thereon, the present embodiment prepared a 
wafer including an n-type silicon substrate 401 and an 
n-A! 0 . 15 Ga 0 85 N ,aver 402 formed on the substrate 401 . 
On the wafer, a light-emitting layer 403 and a magnesi- 
um (Mg)-doped A! 0 15 Ga 0 85 N p-cladding layer 404 were 
formed. Subsequently, an electrode 405A of gold (Au) 
was formed on the p-cladding layer 404, and an elec- 
trode 405B of aluminum (Al) was formed on the back 
side of the silicon substrate 401 (FIG. 20). The thus- 
formed light-emitting diode (LED) 400 exhibited signifi- 
cant improvement of service life and light-emitting effi- 
ciency. 

[Application] 

[0107] In an application of the present invention, it 
may be a useful alternative to etch the regions of the 
second GaN layer 32 where threading dislocation is not 
reduced, followed by lateral epitaxial growth of a GaN 
layer. FIG. 21 schematically shows locations of the first 
GaN layer 31 and the second GaN layer 32 to be etched. 



[Modification of etching] 

[0108] FIG. 22 shows an example in which island-like 
mesas are formed by means of three groups of {11-20} 
planes. To facilitate understanding, the schematic view 
of FIG. 22A includes a peripheral region formed by 
means of three groups of {11-20} planes. In actuality, 
tens of millions of island-like mesas may be formed per 
wafer. In FIG. 22A, the area of the bottoms of the trench- 
es B is 3 times the area of the top surfaces of the island- 
like mesas. In FIG. 22B, the area of the bottoms of the 
trenches B is 8 times the area of the top surfaces of the 
island-like mesas. 

[0109] While the present invention has been de- 
scribed with reference to the above embodiments, the 
present invention is not limited thereto, but may be mod- 
ified as appropriate without departing from the spirit of 
the invention. 

[0110] The entire disclosures and contents of Japa- 
nese Patent Application Nos. 2000-99948 and 
2000-99949, from which the present invention claims 
convention priority, are incorporated herein by refer- 
ence. 
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Claims 

1. A method for fabricating a Group III nitride com- 
pound semiconductor through epitaxial growth 
thereof on a substrate, which comprises a step of 5 
etching an underlying layer comprising at least one 7. 
layer of a Group III nitride compound semiconduc- 
tor, the uppermost layer of the underlying layer be- 
ing a first Group II I nitride compound semiconductor 

layer, so as to form an island-like structure having w 
a shape of, for example, dot, stripe, or grid, thereby 
providing a trench/mesa structure, such that the ar- 
ea of a horizontal cross section of the mesa is re- 
duced to zero in association with an increase in the 8. 
distance between the cross section and the sub- *5 
strate; a step of forming a mask on the first Group 
III nitride compound semiconductor layer so as to 
expose merely a top portion of the first Group III ni- 
tride compound semiconductor layer; and a step of 
epitaxially growing, vertically and laterally, a second 20 
Group III nitride compound semiconductor layer 9. 
around the top portion of the first Group III nitride 
compound semiconductor layer, which is exposed 
through the mask and serves as a nucleus. 

25 

2. A method for fabricating a Group III nitride com- 
pound semiconductor according to claim 1 , wherein 
the island-like structure is formed of numerous lat- 
erally aligned triangular-prism-shaped mesas, and 

the area of a horizontal cross section of each of the 30 
mesas is reduced to zero in association with an in- 
crease in the distance between the cross section 
and the substrate. 

3. A method for fabricating a Group III nitride com- 35 
pound semiconductor according to claim 1 , wherein 

the island-like structure is formed of numerous 
cone- or pyramid-shaped mesas, and the area of a 
horizontal cross section of each of the mesas is re- 
duced to zero in association with an increase in the *o 
distance between the cross section and the sub- 
strate. 

4. A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 45 10. 
claims 1 through 3, wherein the first Group III nitride 
compound semiconductor layer and the second 

Group III nitride compound semiconductor layer 
have the same composition. 

50 

5. A method for fabricating a Group III nitride com- 11. 
pound semiconductor according to any one of 

claims 1 through 4, wherein the mask is formed of 
an electrically conductive metal such as tungsten 
(W). 55 

12. 

6. A Group III nitride compound semiconductor de- 
vice, which is formed atop a Group 111 nitride com- 



pound semiconductor layer produced through a 
method for fabricating a Group III nitride compound 
semiconductor as recited in any one of claims 1 
through 5. 

A Group III nitride compound semiconductor light- 
emitting device, which is produced by laminating a 
different Group III nitride compound semiconductor 
layer atop a Group III nitride compound semicon- 
ductor layer produced through a method for fabri- 
cating a Group III nitride compound semiconductor 
as recited in any one of claims 1 through 5. 

A method for fabricating a Group III nitride com- 
pound semiconductor substrate, which comprises 
a method for fabricating a Group III nitride com- 
pound semiconductor as recited in any one of 
claims 1 through 5, and removing substantially en- 
tire portions including the substrate and the mask. 

A method for fabricating a Group III nitride com- 
pound semiconductor through epitaxial growth 
thereof on a substrate, which comprises a step of 
etching an underlying layer comprising at least one 
layer of a Group III nitride compound semiconduc- 
tor, the uppermost layer of the underlying layer be- 
ing a first Group III nitride compound semiconductor 
layer, so as to form an island-like structure having 
a shape of, for example, dot, stripe, or grid, thereby 
providing a trench/mesa structure, such that an in- 
termediate layer constituting the underlying layer or 
the substrate is exposed through the bottom of the 
trench; a step of forming a mask at the bottom of 
the trench such that the upper surface of the mask 
is positioned below the upper surface of the upper- 
most layer of the underlying layer; and a step of epi- 
taxially growing, vertically and laterally, a second 
Group III nitride compound semiconductor layer 
around the upper surface and sidewal! of the mesa 
serving as a nucleus, the mesa being formed 
through etching of the underlying layer so as to form 
an island-like structure having a shape of, for ex- 
ample, dot, stripe, or grid. 

A method for fabricating a Group III nitride com- 
pound semiconductor according to claim 9, wherein 
the mask is formed of a substance capable of im- 
peding epitaxial growth of a Group III nitride com- 
pound semiconductor on the mask. 

A method for fabricating a Group III nitride com- 
pound semiconductor according to claim 9 or 10, 
wherein virtually all the sidewalls of the trench as- 
sume a {11-20} plane. 

A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 
claims 9 through 11, wherein the first Group III ni- 
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tride compound semiconductor layer and the sec- 
ond Group III nitride compound semiconductor lay- 
er have the same composition. 

13. A method for fabricating a Group It! nitride com- 5 
pound semiconductor according to any one of 
claims 9 through 12, wherein the mask is formed of 

an electrically conductive film, such as a silicon ox- 
ide film, a silicon nitride film, a tungsten film, or a 
titanium nitride film. w 

14. A Group III nitride compound semiconductor de- 
vice, which is formed atop a lateral-epitaxially 
grown portion of a Group III nitride compound sem- 
iconductor layer produced through a method for *5 
fabricating a Group III nitride compound semicon- 
ductor as recited in any one of claims 9 through 13. 

15. A Group III nitride compound semiconductor light- 
emitting device, which is produced by laminating a 20 
different Group ill nitride compound semiconductor 
layer atop a lateral-epitaxially grown portion of a 
Group III nitride compound semiconductor layer 
produced through a method for fabricating a Group 

III nitride compound semiconductor as recited in 25 
any one of claims 9 through 13. 

16. A method for fabricating a Group III nitride com- 
pound semiconductor substrate, which comprises 

a method for fabricating a Group III nitride com- 30 
pound semiconductor as recited in any one of 
claims 9 through 13, and removing substantially en- 
tire portions except for an upper layer formed on a 
portion provided through lateral epitaxial growth. 

35 

17. A Group III nitride compound semiconductor sub- 
strate produced through a method as recited in 
claim 16. 
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FIG. 1A 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 




citations and explanations supporting such statement 








1 . Statement 










Novelty (N) 


Claims 


1-17 
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Claims 






NO 


Inventive step (IS) 


Claims 


1-17 




YES 




Claims 






NO 


Industrial applicability (IA) 


Claims 


1-17 
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Claims 






NO 



2. Citations and explanations 

Document 1: "Pendeo-Epitaxy: A New Approach for Lateral Growth of Gallium Nitride Films," 
(Tsvetanka S. Zheleva), Journal of Electronic Materials, April 1999, Vol. 28, No. 4, pages L5-L8 

Document 2: "Pendeo-Epitaxy versus Lateral Epitaxial Overgrowth of GaN: A Comparative Study via 
Finite Element Analysis," (T. S. Zheleva), Physica Status Solidi (a), November 1999, Vol. 176, No. 1, 
pages 545-551 

Document 3: *'AiGaInN based Laser Diodes," (Shiro Uchida), Proceedings of SPIE - The International 
Society for Optical Engineering, January 2000, Vol. 3947, pages 156-164 
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Document 7: JP, 2001-1 1 1 174, A (Fuji Photo Film Co., Ltd.), 20 April, 2001 (20.04.01) 

Claims 1-8 

None of documents 1-7 cited in the ISR describes the constitution, in which (1) the bottom layer of a 
group III nitride compound semiconductor is etched to ensure that the horizontal sectional area becomes 
closer to 0 as the distance from a substrate surface becomes farther, (2) subsequently a mask is formed, 
and (3) a second group III nitride compound semiconductor is epitaxial ly grown in longitudinal and 
lateral directions with the vicinity of the top exposed from the mask as a nucleus. This constitution is not 
obvious to a person skilled in the art either. 

Claims 9- 1 7 

None of documents 1-7 cited in the ISR describes the constitution, in which (1) a mask with a 
thickness such that its top surface remains below the top surface of the uppermost layer, is formed on the 
bottom of a portion lower in level, and (2) subsequently a second group III nitride compound 
semiconductor is epitaxially grown in the longitudinal and lateral directions, with the top surface and side 
surfaces of an upper stage of an island-like portion higher in level composed of a group III nitride 
compound semiconductor as nuclei. This constitution is not obvious to a person skilled in the art either. 
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